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AQA GCSE Chem
istry (Com

bined Science) Unit 5.3: Quantitative Chem
istry Know

ledge O
rganiser - Foundation

Conservation of M
ass 

N
o atom

s can be created or m
ade 

during a chem
ical reaction, so the 

m
ass of the reactants w

ill equal the 
m

ass of the product. 

Reactions can be show
n as a w

ord or 
sym

bol equation.
m

agnesium
 + oxygen  

m
agnesium

 oxide 
M

g + O
     M

gO
 

Sym
bol equations should also be 

balanced; they should have the sam
e 

num
ber of atom

s on each side.

2M
g + O

2      2M
gO

Relative Form
ula M

ass 
The relative form

ulas m
ass is the 

sum
 of all the relative atom

ic 
m

asses of the atom
s in the 

form
ula. 

Exam
ples: 

HCl 
A

r  of H
 = 1

A
r  of Cl = 35.5 

1 + 35.5 = 36.5 

H
2 SO

4

A
r  of H

 = 1 
A

r  of S = 32
A

r  of O
 = 16

(1 × 2) + 32 + (16 × 4) 
2 + 32 + 64 = 98

Calculating Percentage M
ass of an Elem

ent in a 
Com

pound 
percentage m

ass of an elem
ent in a com

pound =  

          A
r  ×    

Find the percentage m
ass of m

agnesium
 in 

m
agnesium

 oxide. 

A
r  of m

agnesium
 = 24           A

r  of oxygen = 16 
M

r  of M
gO

 = 24 + 16 
               = 40 

%
 m

ass =      =      = 0.4      0.4 × 100 = 40%

During a reaction the m
ass can change. If one of 

the reactants is a gas, the m
ass can go up. 

E.g. 
m

agnesium
 + oxygen     m

agnesium
 oxide

O
xygen from

 the air is added to the m
agnesium

 
(m

aking the product) w
hich w

ill be heavier in 
m

ass. 

If one of the products is a gas, the m
ass can go 

dow
n. 

E.g. 
sodium

 carbonate     sodium
 oxide + carbon 

dioxide

W
hen sodium

 carbonate is therm
ally 

decom
posed, carbon dioxide gas is produced and 

released into the atm
osphere. 

Concentration of Solutions
Concentration is the am

ount of a substance in a specific volum
e 

of a solution. The m
ore substance that is dissolved, then the m

ore 
concentrated the solution is. 

It is possible to calculate the concentration of a solution w
ith the 

follow
ing equation:

concentration (g/dm
3) = m

ass (g) ÷ volum
e of solvent (dm

3)

The equation can be rearranged to find the m
ass of the dissolved 

substance: 
m

ass (g) = concentration (g/dm
3) × volum

e (dm
3)

Conservation of M
ass 

Show
 that m

ass is conserved in a reaction. 

2M
g + O

2      2M
gO

 
(2 × 24) + (2 × 16)     2(24 + 16) 
48 + 32     2 × 40
80     80 
Total M

r  on the left-hand side of the equation is 
the sam

e as the M
r  on the right-hand side.

Calculate the m
ass of the product. 

8g of m
agnesium

 reacts w
ith 6g of oxygen: 

8 + 6 = 14g of m
agnesium

 oxide

num
ber of atom

s of that elem
ent

M
r  of the com

pound

A
r

M
r

1640
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 c
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 r
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es
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 -
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ra
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 fo

rm
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le
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el
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in
an
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 a

lle
le

 t
ha

t 
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 a
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ay
s 

ex
pr

es
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 e

ve
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if 
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 p

re
se

nt
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fe
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ili
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fu
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ga
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 c
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 c
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 p
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 c
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Th
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sm
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ge
no

ty
pe

 –
 T
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 c
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of
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he
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 –
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re
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 c
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 d
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at
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Inheritance, Variation and Evolution Know
ledge O

rganiser
Keyw

ords
em

bryo 
screening 

– 
G

enetic 
tests 

carried 
out 

on 
an 

em
bryo 

to 
see 

w
hether it carries a faulty allele. 

evolution – A change in the inherited 
characteristics of a population over tim

e 
through a process of natural selection.

evolutionary tree – A m
ethod used to 

show
 how

 scientists believe organism
s 

are related.

extinction – The perm
anent loss of all 

m
em

bers of a species.

fossils – The rem
ains of organism

s from
 

m
illions of years ago w

hich are found 
in rocks.

genetic 
engineering 

– 
The 

process 
by 

w
hich 

scientists 
m

anipulate 
and 

change the genotype of an organism
.

natural 
selection 

– 
The 

process 
by 

w
hich organism

s that are better suited 
to an environm

ent are m
ore likely to 

survive and reproduce.

selective breeding – H
um

ans selecting 
anim

als or plants, that have a required 
characteristic, for breeding.

speciation – The process by w
hich tw

o 
species evolve from

 a single original 
species by natural selection. The tw

o 
populations have becom

e so different 
that they can no longer interbreed to 
produce fertile offspring.

variation - D
ifferences in characteristics 

of individuals in a population.

Variation
Variation m

aybe be due to 
differences in:

•
 

the genes that have been 
inherited (genetic causes);

•
 

the conditions in w
hich 

they have developed 
(environm

ental causes);

•
 

a com
bination of genes and 

the environm
ent.

Evolution
All species of living things have 
evolved from

 sim
ple life form

s by 
natural selection.

•
 

If a variant/characteristic 
is advantageous in an 
environm

ent, then the 
individual w

ill be better able 
to com

pete.

•
 

This m
eans they are m

ore 
likely to survive and 
reproduce.

•
 

Their offspring w
ill inherit 

the advantageous allele.

Fossils
Fossils could be:

•
 

the actual rem
ains of an organism

 that has not 
decayed;

•
 

m
ineralised form

s of the harder parts of an 
organism

, such as bones;

•
 

traces of organism
s such as footprints or 

burrow
s.

M
any early life form

s w
ere soft-bodied so have left 

few
 traces behind.

Fossils help us understand how
 m

uch or little 
organism

s have changed as life developed on earth.

Resistant Bacteria

To reduce the rate at w
hich antibiotic-resistant 

strains appear:

•
 

Antibiotics should only be used w
hen they are 

really needed, not for treating non-serious or 
viral infections. 

•
 

Patients should com
plete their courses of 

antibiotics, even if they start to feel better.

•
 

The agricultural use of antibiotics should be 
restricted.

Selective Breeding

Genetic Engineering

Classification
Linnaeus classified living things into kingdom

, phylum
, class, order, fam

ily, 
genus and species.
O

rganism
s are nam

ed by the binom
ial system

 of genus and species.
Due to evidence from

 chem
ical analysis, there is now

 a ‘three-dom
ain 

system
’ developed by Carl W

oese.

There is variation 
in the bacterial 
population. O

ne 
bacterium

 develops 
a m

utation by 
chance that m

eans 
it is resistant to an 

antibiotic.

The antibiotic 
kills som

e of 
the bacteria, 
the resistant 
bacterium

 
survives and 
reproduces.

The antibiotic kills 
the rest of the non-
resistant bacteria 

so the person 
m

ay start to feel 
a little better. The 

resistant bacterium
 

has survived the 
antibiotic and  

continues to m
ultiply.

1. Choose parents w
ho have the 

desired characteristic.

2. Select the best offspring and breed 
these to m

ake the next generation.

3. These offspring are then bred again 
and again, over m

any generations, 
until a desired result is achieved.

hum
an 

cell

The 
plasm

id 
is 

isolated 
from

 the 
cell.

The 
DNA is 
isolated 
from

 the 
nucleus.

bacteria 
cell

Bacteria 
m

ultiplies 
m

any 
tim

es.

The plasm
id 

(vector) is used 
to insert the 
gene into the 
required cell.

The plasm
id 

is cut by 
enzym

es. 

The gene 
is 

inserted 
into the 
plasm

id.

The gene that 
is needed is 
cut from

 the 
DNA by 
enzym

es.

Dom
ain

bacteria
archaea

eukaryota

Kingdom
eubacteria

archaebacteria
protista

fungi
plantae

anim
alia

1There is variation in the 
bacterial population. O

ne 
bacterium

 develops a 
m

utation by chance that 
m

eans it is resistant to 
an antibiotic.

The antibiotic kills som
e 

of the bacteria, the 
resistant bacterium

 
survives and reproduces.

The antibiotic kills the rest 
of the non

resistant 
bacteria so the person m

ay 
start to feel a little better. 
The resistant bacterium

 
has survived the antibiotic 
and  continues to m

ultiply.

2

There is variation in the 
bacterial population. O

ne 
bacterium

 develops a 
m

utation by chance that 
m

eans it is resistant to 
an antibiotic.

The antibiotic kills som
e 

of the bacteria, the 
resistant bacterium

 
survives and reproduces.

The antibiotic kills the rest 
of the non

resistant 
bacteria so the person m

ay 
start to feel a little better. 
The resistant bacterium

 
has survived the antibiotic 
and  continues to m

ultiply.

3

There is variation in the 
bacterial population. O

ne 
bacterium

 develops a 
m

utation by chance that 
m

eans it is resistant to 
an antibiotic.

The antibiotic kills som
e 

of the bacteria, the 
resistant bacterium

 
survives and reproduces.

The antibiotic kills the rest 
of the non

resistant 
bacteria so the person m

ay 
start to feel a little better. 
The resistant bacterium

 
has survived the antibiotic 
and  continues to m

ultiply.
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AQ
A GCSE Physics (Com

bined Science) Unit 6: W
aves 

Required Practical Investigation 9

Aim
: investigate the reflection of light by different types of surface and the 

refraction of light by different substances.

M
ethod:

1. 
In a darkened room

, set up the ray box on a flat surface and insert the filter 
to produce a single ray of light.

2. 
Place a glass block in the centre of a piece of plain A3 paper.

3. 
D

raw
 a line around the glass block.

4. 
D

raw
 a line at 90°C to the glass block and label the line norm

al, as show
n 

in the diagram
.

5. 
Position the ray box so the ray of light hits the glass at an angle.

6. 
Using a pencil, draw

 the incidence, reflected and em
ergent rays as show

n in 
the diagram

.

7. 
Rem

ove the glass block and draw
 the refracted ray going through the block.

Rem
em

ber: the w
avelength is the distance betw

een one peak (or crest) of a w
ave 

and the next peak.
     8. 

Using a protractor, m
easure the angles of incidence, reflection and refraction. 

Record your results. 

     9. 
Repeat the experim

ent by placing a clear acrylic block on the A3 paper in the 
sam

e position as the glass block.

 
10. 

The incident ray m
ust follow

 the sam
e line as before. D

raw
 the reflected and 

refracted rays and m
easure using a protractor.

 
11. 

Collect four sets of results from
 other m

em
bers of the class.

The law
 of reflection states:

angle of incidence = angle of reflection

Risk assessm
ent:

The 
ray 

box 
w

ill 
becom

e 
hot 

during 
use 

and 
m

ay 
cause 

m
inor 

burns.  
To prevent this, you should not touch the lam

p and ensure you allow
 tim

e for the 
ray box to cool after use.

You w
ill be w

orking in a sem
i-dark environm

ent w
hich m

eans there is a higher 
risk of trips or falls. You should ensure your w

orking space is clear of bags and 
coats, and that stools are tucked under desks before you start your investigation.

Required Practical Investigation 10

Aim
: 

investigate 
how

 
the 

am
ount 

of 
infrared 

radiation absorbed or radiated by a surface depends 
on the nature of that surface.

In this investigation, you are finding out w
hich 

type of surface em
its the m

ost infrared radiation:

• 
dark and m

att

• 
dark and shiny

• 
light and m

att

• 
light and shiny

M
ethod:

1. 
Place the Leslie cube on a heatproof m

at.

2. 
O

nce the kettle has boiled, fill the Leslie cube 
w

ith hot w
ater.

3. 
Ensuring 

that 
the 

therm
om

eter 
or 

the 
infrared 

detector 
is 

an 
equal 

distance 
from

 each of the surfaces (in turn) on the 
Leslie cube, m

easure the am
ount of infrared 

radiation em
itted.

4. 
Repeat the experim

ent tw
ice m

ore to collect 
three results for each surface.

v
is

it tw
in

k
l.c

o
m
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 b
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 m
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 p
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, c
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 c
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 p
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 t
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 l
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 b
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 c
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 m
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AQ
A GCSE Physics (Com

bined Science) Unit 6: W
aves 

Properties of Electrom
agnetic W

aves

Radio W
aves (Higher tier only)

Oscillations in electrical circuits can produce radio w
aves w

hich w
hen absorbed by a conductor, produce an alternating current.

The alternating current has the sam
e frequency as the radio w

ave and so inform
ation can be coded for transm

ission. This is how
 television and radio are broadcast.

You should be able to com
plete or construct a ray diagram

 to show
 how

 a w
ave is refracted at the boundary of a different m

edium
.

As the w
ave m

oves to a m
ore dense m

edium
 (e.g. from

 gas to solid), it slow
s dow

n and bends so that the angle from
 the norm

al becom
es sm

aller. The angle of 
incidence is larger than the angle of refraction.

As the w
ave m

oves from
 a m

ore dense m
edium

 (e.g. from
 solid to gas), it speeds up and bends so that the angle from

 the norm
al becom

es larger. The angle of 
refraction is larger than the angle of incidence.

The angle at w
hich a w

ave enters the glass block is equal to the angle that it leaves the glass block (w
hen entering and leaving the sam

e m
edium

);  
how

ever, if a w
ave crosses a boundary betw

een tw
o m

edium
s at an angle of 90˚C, then it w

ill not change direction but instead carry on in a straight line.

Gam
m

a rays occur as the result of changes to the nuclei of atom
s and atom

s them
selves. It is a form

 of radiation and the w
aves can be generated and absorbed 

across a w
ide range of frequencies. 

UV, X-rays and gam
m

a are all types of radiation and can be harm
ful to hum

an health; they cause dam
age to hum

an body tissues. The severity of the dam
age 

caused depends on the dose of radiation a tissue or cell is exposed to. Radiographers and dentists w
ho routinely carry out X-ray exam

inations w
ear a device to 

m
onitor the am

ount of exposure and ensure they are w
ithin a safe lim

it. 

X-rays and gam
m

a rays are ionising and can cause m
utations to genes w

hich m
ay result in cancer.

UV w
aves can cause the skin to burn and age prem

aturely. UV exposure also increases the risk of developing skin cancer.

air

air

glass block

v
is

it tw
in

k
l.c

o
m
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Atom
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rganiser – Foundation and H

igher

H
alf-life

The half-life is the tim
e taken for the num

ber of radioactive nuclei in an isotope to 
halve.
Radioactivity is a random

 process – you w
ill not know

 w
hich nuclei w

ill decay. 
Radioactive decay is m

easured in becquerels Bq. 1 Bq is one decay per second. 

Radioactive substances give out radiation from
 their nucleus.  

A graph of half-life can be used to calculate the half-life of a m
aterial and w

ill alw
ays 

have this shape:

Judging from
 the graph, the radioactive m

aterial has a half-life of tw
o days. 

Alpha D
ecay Equations 

An alpha particle is m
ade of tw

o protons and tw
o 

neutrons. The atom
ic num

ber goes dow
n by tw

o and its 
m

ass num
ber decreases by four. 

Beta D
ecay Equations 

A neutron turns into a proton and releases a an 
electron. The m

ass of the nucleus does not change 
but the num

ber of protons increases. 

G
am

m
a rays 

There is no change to the nucleus w
hen a radioactive 

source em
its gam

m
a radiation. It is the nucleus getting 

rid of excess energy. 

Alpha radiation is m
ore dangerous inside 

the body. It is highly ionising and able to 
cause a lot of dam

age. O
utside the body 

it is less dangerous because it cannot 
penetrate the skin. 

Beta radiation is less dangerous inside 
the body as som

e of the radiation is able 
to escape. O

utside the body it is m
ore 

dangerous as it can penetrate the skin. 

G
am

m
a radiation is the least dangerous 

inside the body as m
ost w

ill pass out and 
it is the least ionising. G

am
m

a is m
ore 

dangerous 
outside 

the 
body 

as 
it 

can 
penetrate the skin.

Contam
ination 

W
hen unw

anted radioactive atom
s get onto 

an object, it is possible for the radioactive 
particles to get inside the body. 

Protective clothing should be w
orn w

hen 
handling radioactive m

aterial.

Irradiation 
Irradiation occurs w

hen m
aterials are near a radioactive source. The source is som

etim
es 

placed inside a lead-lined box to avoid this. 

People w
ho w

ork w
ith radioactive sources w

ill som
etim

es stand behind a lead barrier, 
be in a different room

 or use a rem
ote-controlled arm

 w
hen handling radioactive 

substances.

visit tw
inkl.com
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